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101-Type Key Equipments 


I—By W. F. MALONE, 


II—By W. M. BEAUMONT 


Systems Development 


I. FEATURES 


HE extension telephone and the 
fe both provide increased com- 
munication facilities for the sub- 
scriber, but there are many situations 
where the simple extension is not ade- 
quate and where the psx is either 
too elaborate or unsuited to the par- 
ticular requirements. To meet these 
intermediate demands, there has 
grown up in recent years a wide as- 
sortment of subscriber facilities known 
as “‘wiring plans.”’ Their increasing 
diversity has lately led to a coérdina- 
tion of their design, and since most of 
them require keys to perform certain 
operations, the name “key equip- 
ments” is applied to the latest types. 
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Although, in general, the key equip- 
ments are designed for serving smaller 
numbers of lines and trunks than the 
PBX, this is not always the case, 
since the larger key equipments fre- 
quently accommodate more trunks 
than the smaller psx’s. The distinc- 
tion is chiefly one of function, and it is 
quite common to find one or more of 
the key equipments used on PBX ex- 
tensions. The fundamental purposes 
of the psx are: first, to economize on 
trunks by giving a large number of ex- 
tensions access, through the psx 
board, to a comparatively small num- 
ber of trunks; and second, to allow 
intercommunication between all the 
local extensions. With the key equip- 
ments, intercommunication, although 
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sometimes provided, is generally more 
incidental, and the ratio of central 
office trunks to local extensions is or- 
dinarily higher. The primary purpose 
of the key equipments is usually to al- 
low any of a number of stations to 
answer or originate calls on any of a 
number of trunks, but the more spe- 
cific uses will appear from the follow- 
ing description of a number of the 
leading equipments. 

In the 154 and 234 key equipments, 
the keys are usually in the form of 
push buttons in the base of the tele- 
phone handset. These two systems are 
alike except that the 15a provides for 
only one central office trunk, and the 
23a, for two. They have already been 
described in some detail in the 
Recorp.* Talking and signalling be- 
tween local stations are carried on 
over a single intercommunicating 
channel, and a call may be held at one 
station while the telephone instru- 
ment is used for communicating with 
another station over this intercom- 
~*REcoRD, April, 1933, p. 244. 


Fig. 1—Relay cabinet used with the 101-type key equipments 
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Fig. 2—The keys and lamps are arranged 
in ten-line units, and each unit has a 
common holding key 


municating line. All or only part of the 
local stations may be given access to 
the outside lines. These two systems 
are employed chiefly by large estates, 
where the local extensions may be in- 
stalled in the various living rooms, the 
butler’s quarters, the garage, or in any 
of a number of places 
that local conditions 
dictate. With either 
the I5A or 23A, as 
many as eleven exten- 
sions may beemployed. 

The 107 and 108 key 
equipments are essen- 
tially the same as the 
I5A and 23A except 
that they provide for 
only five extensions 
and one central office 
trunk. The distinction 
between the 107 and 
108 is that the latter 
permits intercommuni- 
cation, while the former 
does not. The keys for 
these two equipments, 
instead of being in the 
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Fig. 3—The key and lamp equipment is all mounted on a 
metal face plate, which may be mounted in a wood box or set 
flush in the top of a desk or table 


base of the handset as with the 15a 
and 23A, are assembled in a small 
metal box that can be mounted on the 
side of a desk or in any other con- 
venient place, and standard telephone 
sets are used with them. 

The relay equipment for all four of 
these smaller systems is mounted and 
wired as complete units on nineteen- 
inch plates which, in turn, are as- 
sembled on a hinged gate inside a 
metal cabinet. The cover of the cabi- 
net may be readily removed and the 
gate opened to give access to the wir- 
ing. Suitable mounting arrangements 
permit the cabinet to be fastened on 
the wall or to the floor as may be most 
convenient. Battery for operating the 
relays and signalling current for the 
lamps are usually obtained over cable 
pairs from a nearby central office. 
When larger amounts of current are 
needed, or when the distance to the 
central office is greater, a local storage 
battery may be used, which may be 
charged either by a local rectifier or 
over cable pairs from generating 
equipment located in the central office. 

The 100 key equipment, which has 
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also been described in 
the Recorp*, permits 
several central office, 
PBX, Or private tele. 
phone lines to be made 
available to a tele. 
phone user with but 
one telephone set, 
These same telephone 
lines can also be made 
available to as many 
as eleven other tele. 
phone sets on the same 
premises by the use of 
multiple key boxes. 
Any person before 
whom the lines appear 
may either originate or 
answer calls. The too 
key equipments are generally used in 
such places as brokers’ offices, small 
taxicab headquarters, or telegraph 
offices. They may also be employed 
as small order-receiving turrets. 
New key equipment, similar to the 
100 type but of considerably greater 
capacity, has recently been developed 
and called the 101A and 1o1B. With 
these new equipments as many as 
forty lines can be made to appear be- 
fore one attendant, and the lines may 
be multipled to as many as twelve at- 
tendants. As with the other systems, 
the equipment includes a key box and 
a relay cabinet. The latter is similar to 
those used with the other systems, but 
because of the larger number of lines 
that may be used is provided in three 
sizes—the largest of which is shown in 
Figure 1. All af the cabinets have a 
hinged gate on which 134-inch mount- 
ing plates are fastened; the smallest 
size accommodates up to four plates, 
the medium size up to eleven plates, 
and the largest size up to eighteen 
plates. The smaller cabinet is de- 
signed for wall or floor mounting, and 
*RecorpD, Fuly, 1930, p. $27. 
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the two larger ones, although they 
may be mounted on a wall, will usu- 
ally be located on the floor. 

The key equipment is provided in 
ten-line units as shown in Figure 2. 
There is one holding key per unit and 
five line keys, each of the latter con- 
trolling the connection to two lines 
depending on whether it is moved up 
or down. Line lamps are mounted 1m- 
mediately above and below the keys. 
All this apparatus is mounted on a 
metal face plate and wired to a termi- 
nal panel with a flexible cable as a 
complete unit. This construction 
makes it simple to set the face plate 
flush with the top of a desk or table 
when desirable, and in this form the 
system is known as the I01B key 
equipment, the 1014 designation being 
reserved when the box-mounted key 
units are employed. An “old brass” 
finished moulding, which matches the 
face plate, is used to frame it in its 
flush mounting. 

Depending on the conditions of use, 
there may be from one to four of these 
key units used at any one position, 
and to provide greater compactness 
when several are to be used together, 


combination mountings have. been 
provided. In one, two ten-line units 
are mounted in a cabinet back to back 
so that they will be accessible to two 
people sitting on opposite sides of a 
table. Another arrangement is two 
units side-by-side as shown in Figure 
3, where one of the units has been re- 
moved to show the construction. This 
double unit is just like two single ones 
except that the two end panels are re- 
placed by a separator through which 
the two cabinets are bolted together 
to give the appearance of a contin- 
uous cabinet. When mounted flush in 
the top of a desk two frameworks are 
available, one for two key units and 
the other for four. When not fully 
equipped, blank face plates the size of 
the key units are used to fill up the 
remainder of the cut-out. A metal 
cover is fastened to the underside of 
the framework under the desk to pro- 
tect the units against dust and me- 
chanical injury. 

Among other uses the 1o1-type key 
equipment lends itself well to pro- 
viding secretarial service, where a girl 
in an outer office may answer any of 
several lines. An installation of this 
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Fig. 4—Simplified schematic showing the wiring of one of the line circuits and the 
attendant’s telephone circuit 
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secretarial type is suggested by the 
photograph at the head of this article. 


II. Circuits 


developing the t1o1-type key 
equipments certain specific classes 
of service were particularly in mind, 
but the circuits were arranged to be 
flexible enough to meet any demand 
that was likely to be placed on equip- 
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ment of this type and size. Probably 
the widest use for the new equipments 
will be for order-receiving service in 
smaller business houses, for informa- 
tion bureaus such as are used by rail- 
roads, for brokerage houses, and for 
steamship lines to provide for booking 
passages. They are also very well 
suited to secretarial service. With a 
number of doctors occupying the 
same suite or building, one of the new 
key equipments would 


a maximum of forty lines in units of 
ten each, and the lines may be multi. 
pled to appear at as many as twelve 
of the key equipments. The attendant 
may use a hand set or an operator’s 
head receiver and breast transmitter, 
and the circuits may be arranged for 
either manual or dial service. The 
lines may be regular central office 
lines or they may run to a PBx board 
or to another key equipment. 

Each of the lines is provided with a 
line lamp and a hold lamp. On in- 
coming calls. the line lamp flashes and 
when a line is busy, it lights steadily. 
The hold lamp lights when the at- 
tendant is holding a line while she is 
getting information wanted or is talk- 
ing over one of the other lines. Con- 
nection between a line and the at- 
tendant’s telephone set is made by a 
line key, each of which serves two 
lines—the key being thrown up for 
one line and down for the other. A 
single holding key serves for a unit of 
ten lines, or for several units if more 
than one is used at a single position. 
It is operated only momentarily, and 
afterwards the line key may be re- 
turned to the normal position so the 
attendant may talk over another line. 

A simplified schematic showing the 
wiring of the attendant’s circuit and 
of one of the line circuits is given in 
Figure 4. In a ten-line unit there will 
be ten line circuits like that at the 
left of the diagram but only the one 
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of their phones. The 
equipment provides for 
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Fig. 6—Circuit connections after a line key has been operated 
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attendant’s circuit, and if more than 
one of the ten-line units are used at 
the same location, a single attendant’s 
circuit will serve them all. Through 
contacts not shown in the diagram, 
the attendant’s circuit is wired in 
series through contacts on each line 
key that are closed when the keys are 
not operated. This prevents the local 
telephone set from being connected to 
more than one line at a time. When 
more than one key is operated, the 
telephone set will be connected to the 
line with an operated key that is 
nearest the right-hand side of the unit. 

In each line circuit there are four 
major relays, one of which is common 


of the attendant’s telephone circuit 
are connected to the corresponding 
wires of the line circuit, and the an- 
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Fig. 8—Circuit connections after hold and 
line keys have been restored to normal 
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swering and cr relays are operated in 
series. The operation of the answering 
relay releases the ringing re- 
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lay, and its release in turn 
releases the flashing relay. 
Battery is connected to the 
line lamp through a contact 


TELEPHONE 1 
me on the answering relay, and 


RING 


the lamp lights steadily to in- 
dicate that the line is busy. 
The operation of cr com- 


Fig. 7—Circuit connections while “hold” key is 


held operated 


to four circuits. The ringing relay acts 
on incoming ringing current, holds it- 
self operated through one of its con- 
tacts, and operates the common flash- 
ing relay through a relay interrupter 
not shown on the diagram. The opera- 
tion of the flashing relay connects 
battery to the lamp, and the interrup- 
ter operates and releases the flashing 
relay about twice a second to give the 
flashing lamp signal that indicates an 
incoming call. Figure 5 shows that por- 
tion of the circuit in use at this time. 
Only the flashing and ringing relays 
are shown, but contacts of other relays 
that are in the circuit are indicated. 

When the attendant throws a line 
key to answer the call, the four wires 
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pletes the connection to the 
attendant’s telephone circuit 
and connects the impedance 
BR across the line to provide 
a supervisory signal at the central 
office showing that the call has been 
answered. The portion of the circuit 
in use at this time is shown in Figure 6. 

The attendant may now talk over 
the line, and at the completion of the 
call, the restoration of the line key to 
normal will release the answering and 
ct relays, and put the circuit in a 
condition for another call—with the 
operating winding of the ringing relay 
connected across the line through a 
condenser and a back contact of the 
answering relay. If, before terminat- 
ing the call, information must be ob- 
tained by calling over another line, 
the attendant operates the hold key, 
which holds the calling line and re- 
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leases the telephone set for other use. 
The hold key is operated only mo- 
mentarily, and after it is restored the 
line key is also restored to normal to 
leave the attendant’s telephone set 
free for use on another circuit. 

Holding is done by two relays and 
the hold key. The main holding relay 
is in the line circuit, but the holding 
key and an auxiliary holding relay are 
in the attendant’s telephone circuit. 
The circuit connections during the 
time that the hold key is held oper- 
ated is shown in Figure 7. The auxil- 
iary holding relay, HI, is operated 
directly by the hold key, and the 
main holding relay, H, is operated by 
the hold key through a contact on the 
line key. The operation of HI re- 
leases relay cr and the answering 
relay, which is in series with it, and 
the release of the answering relay 
allows u to hold itself operated 
through one of its contacts and a back 
contact of the answering relay. The 
operation of H connects a holding re- 
sistance, wound non-inductively on 
its own core, across the line to hold it. 
The release of the answering relay 
extinguishes the line lamp, but the 
hold lamp is lighted through a contact 
on the H relay. 

The hold key is now released, but 
HI is held operated through one of its 
contacts and through a contact on the 
line key, a contact on the H relay, and 
a back contact on the answering relay. 
It is necessary to hold u1 operated at 
this point since if it were released, the 
cr and answering relays would be 


again brought in through the line key 
which is still operated. The line key, 
however, is now restored to normal, 
which releases HI and frees the at. 
tendant’s telephone circuit for other 
use. The circuit will now be as shown 
in Figure 8; the line is held by the 
holding resistance, and the attend. 
ant’s circuit is free. 

The attendant now proceeds to call 
over another line or do whatever else 
is necessary to get the information 
needed. When ready to talk over the 
original calling line, the attendant 
merely operates the line key pertain- 
ing to that line. This operates the cr 
and answering relays, and the holding 
relay is released by the operation of 
the answering relay. The circuit is 
now again as shown in Figure 6, and 
talking proceeds. At the completion 
of the call, the restoration of the line 
key will release the cr and answering 
relays, and the line will be ready for 
another call. 

When the key equipment is used 
for secretarial service, the bell at the 
subscriber’s station will ring at the 
same time that the line lamp flashes 
at the key equipment. The line may 
be answered at either place, and the 
circuit, which is somewhat different 
from that described above, is ar- 
ranged so that in either case the line 
lamp will change from flashing to 
steady, which is a signal to the at- 
tendant that the call has been an- 
swered. If desired, the circuit can be 
made to cut off the attendant when 
the main station answers. 
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Crosstalk Measurements 
By R. S. ALFORD 


Noise and Crosstalk Prevention 


HE measurement of crosstalk 

between communication cir- 

cuits is almost as old as the 
circuits themselves, for whenever two 
or more such circuits are brought into 
close proximity, the inductive inter- 
action results in some transfer of 
energy from one circuit to the other. 
This transfer of energy may or may 
not be of importance depending upon 
its magnitude and upon the type of 
service involved. Under some condi- 
tions the interaction may be sufh- 
ciently large to affect the service over 
the particular circuits. It is desirable, 
therefore, for the study and correction 
of such conditions that a suitable 
method of measurement be available. 

Originally, two circuits suspected of 
crosstalk were tested by a person 
listening on one circuit while another 
person talked on the second circuit. 
The listener then decided whether the 
crosstalk condition was good or bad. 
The conclusion drawn from this test 
depended to a great extent upon the 
judgment of the listener. 

Later, the errors of judgment were 
reduced somewhat by the use of a 
graded set of six criteria for loudness 
of crosstalk, ranging from “crosstalk 
completely inaudible” to “crosstalk so 
loud as to admit of intelligible con- 
versation.” The result for a particular 
test, however, still depended largely 
upon the listener’s hearing, upon the 
loudness and quality of the talker’s 
voice, and upon the amount of room 
noise at the listening subset. As a 
result, a need was felt for a testing 
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method incorporating some standard 
of comparison. 

The first method employing a phys- 
ical standard of crosstalk is shown 
schematically in Figure 1. With con- 
tinuous talking into the transmitter 
of the subset, the observer listened to 
the crosstalk when the switch was in 
position “a,” and to direct trans- 
mission when the switch was in posi- 
tion “‘B.”’ The loss of the direct trans- 
mission path was fixed by the shunt 
resistance across the receiver, the 
value of resistance having been chosen 
experimentally to represent the maxi- 
mum crosstalk tolerable. By compar- 
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SHUNT 
RESISTANCE 
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Fig. 1—With the first crosstalk meter one 
listened first to the crosstalk in the circuit 
and then to a direct circuit of fixed loss 


ing the crosstalk to this “standard of 
transmission”’ it could readily be de- 
termined whether the crosstalk of the 
line under test was above or below this 
“standard.” 

The next step was to replace the 
fixed resistance shunt across the re- 
ceiver with a variable slide-wire re- 
sistance which permitted an actual 
measurement of the crosstalk rather 
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than a comparison with a single value. 
The slide-wire was calibrated to read 
crosstalk as millionths of the direct 
transmission. 

The first complete crosstalk meter 
manufactured as a standard product 
was designed in 1904 and came into 
general use about 1911. The circuit of 
this meter together with that of the 
associated apparatus required is shown 
in Figure 2. The method of measuring 
with the meter is essentially the same 
as that of the present day aural meas- 
urement of crosstalk coupling. By 
means of the four-pole, double-throw 
switch, speech currents from the talk- 
ing subset were transmitted to the 
receiver alternately through the cross- 
talk path and the crosstalk meter, 
which was a simple variable attenu- 
ator. The loss of the meter was ad- 
justed until the speech sounds in the 
receiver were of equal volume for the 
two positions of the switch. The dial 
of the meter then indicated directly 
the magnitude of the crosstalk. 

In making tests with this crosstalk 
meter the usual procedure as out- 
lined in the instructions was as follows: 


“One experimenter talks into the set 
marked “TaLk’; usually counting in 
an even and fairly loud tone as follows: 
‘one, two, three, four, five; one, two 
three, four, five,’ etc. The observer at 
the listening set throws the switch 
back and forth in time with the suc. 
cessive series of counts.” 

When a large number of tests were 
to be made, the talking experimenter 
was sometimes replaced by a “howling” 
telephone. The receiver of the talking 
set was placed against the transmitter 
in such a way that the set howled 
continuously. The tone generated 
in this manner was then used as the 
testing source. 

In 1921, there was made available 
an improved type of crosstalk meter 
designated the 50a, which is practi- 
cally the same as the current model 
designated sos. The outstanding im- 
provement incorporated in this meter 
is a noise compensation feature. 
Previous to this time, the listener 
heard the circuit noise as well as the 
crosstalk when he listened on the line, 
but he heard only the talking when 
listening on the meter. Under these 
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Fig. 2—A crosstalk meter which came into general use about 1911 provided for measuring 
crosstalk by means of a variable attenuator 
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conditions it was frequently difficult 
for the ear to appreciate the true rela- 
tive intensities of the two sounds 
being compared. 

As shown in Figure 3, compensation 
for the effects of noise is provided in 
the soB crosstalk set by a special 
network arranged in the form of a 
Wheatstone bridge. The two 
carefully balanced windings of 
a retardation coil form two 


crosstalk coupling in both crosstalk 
units and decibels. A curve showing 
the relationship between crosstalk 
units and db down is given in Figure 4. 

Although speech can be used as a 
source of testing power for the s5oB 
crosstalk set, it is much more con- 
venient to use a purely electrical 


windings are poled so as to be 
non-inductive, and thus of low 
impedance, when connected in 
parallel, as for currents from 
the transformer “‘T.,” and to 
present a high impedance when 
connected in series, as to cur- 
rents from the crosstalk meter. 
Each of the two remaining 
arms of the bridge is made up 


arms of the bridge. These 3 
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of a condenser, a resistance, 
and a receiver connected in 
series. Since the retardation 
coil acts as a very high im- 
pedance across the arms containing 
the receivers, it diverts practically 
none of the energy passing from the 
crosstalk meter to the receivers. Also, 
since the bridge circuit is balanced, 
the crosstalk meter and the disturbed 
circuit have practically no effect upon 
each other; that is, neither absorbs 
any appreciable amount of energy 
from the other. This permits the dis- 
turbed circuit to remain connected to 
the receivers while the source of dis- 
turbing current is switched to the 
crosstalk meter, thereby aliowing the 
noise from the disturbed circuit to be 
heard in both positions of the double- 
throw switch. 

The meter unit of the sos crosstalk 
set consists of three fixed resistances 
and a variable slide-wire resistance 
connected as shown in the diagram. 
The dial of the slide wire indicates 
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Fig. 3— 


Simplified schematic of the 508 crosstalk set 


source. The magnitude of crosstalk 
coupling does not ordinarily vary 
uniformly with frequency and thus a 
measurement with a single-frequency 
source of power, such as the howling 
telephone, does not give a true indica- 
tion of speech crosstalk. Measure- 
ments with a complex tone covering a 
band of frequencies give much more 
representative results. 

Studies to develop a practical power 
source for crosstalk testing culminated 
in the design of the 14a oscillator. 
This oscillator is of the so-called 
warbler type, the frequency of its out- 
put sweeping back and forth over the 
range from 830 to 1230 cycles per 
second, approximately seven times 
per second. 

Even with standard types of testing 
apparatus, ear measurements of cross- 
talk coupling are slow, tedious, and 
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sometimes of doubtful accuracy. To 
remedy these faults, a visual method 
of measuring crosstalk coupling was 
developed about ten years ago. This 
method is suitable for most field 
measurements. It is faster and easier 
than the ear balance method, and 
obviates the inaccuracies in that 
method arising from differences in 
frequency-response characteristics of 
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Fig. 4—Relationship between crosstalk 
units and db down of the crosstalk coupling 


various observers’ ears, and the differ- 
ences in observers’ judgments. Exist- 
ing equipment designed for other 
purposes has been found suitable for 
the visual meter method so that it has 
not been necessary to design special 
apparatus for this purpose. The pre- 
ferred arrangement employs a 2a 
noise measuring set* as a measuring 
unit, and a 144 oscillator as a sending 
unit, although the 24 noise measur- 
ing set can be replaced by any visual 
meter apparatus suitable for the meas- 
urement of message circuit noise pro- 
viding it has sufficient gain. 

In making a measurement of cross- 
talk-coupling the disturbing circuit is 
energized by a warbler oscillator, and 
a measurement of the weighted energy 
level is made on the disturbed circuit. 
The difference between this measure- 
ment and that of the oscillator output 
gives the crosstalk coupling in db. 

*Recorp, April, 1937, p. 252. 
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Since the readings of the trans. 
mission measuring set are obtained 
from a visual indicating meter, they 
are much less susceptible than aural 
measurements to the effects of distor. 
tion caused by transmission through 
the crosstalk path, whose loss usually 
decreases with frequency. This per- 
mits the voice to be more closely 
simulated by the use of a wider band 
of frequencies. The most satisfactory 
frequency band that can be obtained 
from the 144 oscillator has been de- 
termined by experiment as that be- 
tween 670 and 1650 cycles. 

Crosstalk coupling measurements 
are made on practically all types of 
circuits in both cables and open wire 
lines, and also on various parts of 
apparatus associated with the circuits. 
The two purposes for which they are 
used most are the checking of new 
work at the time of installation and 
the location and clearing of specific 
trouble conditions. Until the last few 
years, measurements of crosstalk coup- 
ling were also included as part of the 
routine testing of toll circuits, but asa 
criteria of performance they are being 


_ largely supplanted by measurements 


of crosstalk volume. 

Crosstalk volume is the weighted 
energy level of speech crosstalk oc- 
curring in practice. The measurement 
of crosstalk volume is the latest de- 
velopment, and is used in maintenance 
testing as a more simple and rapid 
method of checking the crosstalk per- 
formance of toll circuits than the 
measurement of crosstalk coupling. 

For a coupling measurement, two 
circuits must be taken from service at 
a time. Also, to completely test a 
group of circuits, a measurement must 
be made on each combination of two 
circuits. This requires considerable 
time and labor, especially in the case 
of large circuit groups. For crosstalk 


August 1937 


| 
| 
{ 
| 
i 
q 
| 
4 
i 
i 
i 
| 


volume measurements the high im- 
edance input of the 2A noise meas- 
uring set 1s used. This permits meas- 
urements to be made without taking 
the circuit under test out of service, 
since with high input impedance the 
bridging loss is low, and transmission 
is not seriously affected if the circuit 
becomes busy during the test. 
Because crosstalk volume measure- 
ments do not interfere with the normal 
commercial traffic, they can be made 
during peak traffic periods. At such 
times the measured effects are more 
typical of those experienced by sub- 
scribers than during periods of light 
traffic. Since crosstalk volume varies 
in magnitude with time, a single 
measurement will not, in general, in- 
dicate whether crosstalk requirements 
have been met. Several measurements, 
preferably distributed over a con- 
siderable period of time, are necessary. 
If the volume of crosstalk is found 
so great that secrecy is likely to be 
endangered, crosstalk coupling tests 
may be made to determine the mag- 
nitude and location of the crosstalk 


coupling. Thus, a crosstalk volume 
measurement is used as a sort of quali- 
tative test to determine if crosstalk 
trouble exists, while a crosstalk coup- 
ling measurement is a quantitative 
test of the magnitude of the trouble. 

Any device capable of measuring 
message circuit noises properly is 
satisfactory for the measurement of 
crosstalk volume provided its input 
impedance is sufficiently high not to 
introduce excessive loss when bridged 
across a 600-ohm circuit. 

For convenience, crosstalk volume 
tests are made in conjunction with 
noise tests. One measurement is made 
on each circuit, and the result is 
recorded as crosstalk, babble (simul- 
taneous crosstalk from a number of 
circuits), or circuit noise depending on 
which particular type of disturbance 
predominates. Routine measurements 
of crosstalk volume and noise are 
usually made periodically on a sam- 
pling basis, the percentage of circuits 
tested each time depending upon the 
size of the office and the results ob- 
tained from previous measurements. 
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A Diverter-Pole Generator for Battery 
Charging 


By R. D. de KAY 
Equipment Development 


OR the continuous floating of 
batteries, a constant d-c supply 
voltage is desirable. With a 
constant-voltage supply, the drop in 
the battery voltage, when current is 
taken out of the battery, is just about 
enough to make the charging rate 
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A SHUNT GENERATOR WITH VOLTAGE REGULATOR 
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Fig. 1—Voltage characteristics of shunt 
generator with and without a regulator, and 
of the diverter pole generator 


increase in proper proportion to 
restore the charge to the battery. In 
this way, the battery is always in a 
fully charged condition. shunt- 
wound generator, because of its droop- 
ing voltage characteristic, is thus not 
suitable by itself for floating a battery 
—some voltage control, either manual 
or automatic, is essential. A com- 
pound-wound generator could be made 
to have the required flat characteris- 
tics, but it is not safe to use because 
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should the a-c power fail, the battery 
would run the generator as a motor if 
the reverse current circuit breaker did 
not operate, and the reversed current 
in the series winding would reduce the 
field flux sufficiently to cause danger- 
ous speeds. In the Bell System, shunt 
generators with automatic voltage 
regulators are commonly used, but it 
would be desirable to obtain a genera- 
tor that in itself provides a constant 
voltage, and that would not “run 
away’ on a reversal of current. 

The diverter-pole generator pro- 
vides these characteristics and it has 
recently been adopted by the Bell 
System in a form suitable for charging 
and floating batteries at the smaller 
central offices. The largest standard 
rating is 200 amperes at fifty volts. 
These new charging sets are in general 
appearance much like the former ones. 
The motors, in fact, may be identical 
and the generator armature is essen- 
tially the same; the difference between 
them is in the magnetic circuit and 
in the field windings. 

The voltage characteristic of this 
new generator, compared with that of 
a shunt generator with and without a 
regulator, is shown in Figure 1. Con- 
trasting with the rapidly drooping 
characteristic of the shunt generator, 
the diverter-pole generator maintains 
its voltage essentially constant up to 
about full load, and then allows it to 
decrease. This decrease in voltage 
above full loads prevents the motor 
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carrying heavy overloads, and also 
helps to equalize the load between 
generators when two or more are oper- 
ating in parallel. In this respect it is 
better than the regulated shunt motor, 
which tends to maintain a constant 
voltage regardless of the load. 

These characteristics are obtained 
by the use of a series field winding; 
but instead of being placed on the 
same poles as the shunt windings, as 
with ordinary compound generators, 
the series windings are placed on 
separate poles midway between the 
main poles. These are called diverter 
poles, and between each main pole and 
the diverter pole adjacent to it in the 
direction contrary to the rotation of 
the armature is a magnetic bridge. 
Under no-load conditions, indicated 
in Figure 2, there is no current in the 
winding on the diverter pole, and part 
of the flux from the main pole, instead 
of crossing the air gap, 
is diverted across the 
bridge, through the di- 
verter pole, and back 
to the main pole. The 
bridgeand diverter pole 
thus act as a shunt to 
the main-pole flux, and 
decrease the flux in the 


pole, and thus forces more of the main 
pole flux across the air gap, and in- 
creases the generated voltage. The 
condition at full load is indicated by 
Figure 3, which shows practically no 
flux in the diverter pole. Having, at 
full load, forced all the main-pole 
flux across the air gap, the diverter 
cannot further increase the main air 
gap flux, so that the voltage drops at 
further increases in load. 

Should the power to the driving 
motor fail, the generator will run as a 
motor supplied by the battery. The 
current in the series winding will 
reverse, and the effect of the diverter 
pole, instead of forcing the main-pole 
flux across the air gap, is to tend to 
shunt more of the main flux, and thus 
to decrease the air gap flux and in- 
crease the motor speed. As already 
pointed out, however, the bridge, 
because of the holes through it, is 


main gap and thus the 


voltage generated in 


_the armature. The 


amount of flux that can 


pass through the shunt- 


ing path, however, is 
limited by holes in the 
bridge so that it be- 
comes saturated at the 
desired flux. 

With normal direc- 
tion of current flow, 
the action of the wind- 
ing on the diverter pole 
opposes the flux leak- 
ing over from the main 
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Fig. 2—Cross-section of the diverter-pole generator showing 
flux distribution under the no-load condition 
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quickly saturated, preventing the 
diversion of any large amount of flux, 
and thus the reversed current has very 
little effect. As a result of this con- 
dition the speed does not rise above 
safe values. 

The self-regulating action of the 
diverter pole generator insures that 
the generator will perform its charging 
function under all conditions without 
overloading, and such a charging set 
may be used in an unattended office 
with full assurance that the set will 
not “run away” should the reverse 
current relay fail to operate on a 
failure of the alternating-current sup- 


ply. Even after a prolonged power 
failure, when the battery voltage has 
been appreciably lowered by the office 
drain, the generator—on restoration 
of the power—will automatically 
charge the battery without serious 
overload because of the drooping 
characteristic of the voltage above 
full load. As the battery becomes 
charged, the charging current will de- 
crease until normal “floating” values 
are reached. Moreover, the position 
of the diverter poles enables them to 
act as interpoles to improve the com- 
mutation, so that satisfactory opera- 
tion is secured at all loads. 


Fig. 3—When the generator is operating at full load, prac- 
tically all the main-pole Aux crosses the air gap 
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News of the Month 


WHILE PURSUING their regular work in 
the Laboratories, several of its members 
have been carrying further their formal 
academic training. V. J. Albano received 
the advanced degree of Master of Science 
from Brooklyn Polytechnic Institute 
under the Laboratories’ part-time post- 
graduate plan. D. R. Brobst and W. D. 
Goodale, Jr., taking evening work from 
the same Institute, received the advanced 
degree of Master of Electrical Engineer- 
ing. Also pursuing evening courses at 
Brooklyn Polytechnic, H. W. Bryant, 
R. A. Chegwidden, M. F. Fitzpatrick, 
L.S. Hulin, J. Nedelka and W. C. Schmidt 
received their first degree, that of Elec- 
trical Engineer, and E. A. Thurber, that 
of B.S. in Chemistry. 

O. L. Boothby received the degree of 
B.S. in Chemical Engineering upon the 
completion of his evening work at Cooper 
Union Institute of Technology. 

New York University conferred the 
degree of B.A. in Physics on W. C. Buck- 
land for evening work, and E. V. Kuzela 
received the degree of B.S. in Electrical 
Engineering for evening work at the 
Newark College of Engineering. 

* * * * * 

Tue Honorary Decree of Doctor of 
Science was conferred on Dr. C. J. Davis- 
son by Purdue University at its annual 
commencement exercises. Dr. Davisson 
graduated from the University of Chicago 
with the B.S. degree in 1908 and three 
years later received his Ph.D. from 
Princeton. From Ig11 to 1917 he was an 
instructor in physics at the Carnegie 
Institute of Technology and then joined 
the Engineering Department of the 
Western Electric Company. Since then he 
has been engaged in fundamental investi- 
gations in thermionics and electron phys- 
ics. In 1928 Dr. Davisson was awarded 
the Comstock prize by the National 
Academy of Sciences, in 1931 the Elliott 
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Cresson Medal of the Franklin Institute 
and in 1935 the Hughes Medal of the 
Royal Society of London, England. 


C. F. Davisson 


W. H. Harrison, director of the 
Laboratories and assistant vice president 
of the American Telephone and Telegraph 
Company, has been elected president of 
the American Institute of Electrical En- 
gineers for the year beginning August I. 

At Inpranapo ts, E. L. Nelson, D. K. 
Martin and G. N. Thayer attended a 
meeting of the subcommittee on Airport 
Traffic Control Facilities of the Radio 
Technical Committee for Aviation. 

J. C. Bay es supervised the installa- 
tion of a 71B Amplifier for the Tarrant 
Broadcasting Company of Fort Worth, 
increasing the power of Station KTAT to 
one kilowatt. 

H. Morrison took part in flight tests 
conducted by United Air Lines between 
Cheyenne, Salt Lake City, and Portland 
for the purpose of studying rain and snow 
static. These tests have given a clearer 
picture of the nature of these disturbances 
and have indicated a means of greatly 
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F. F. Lucas 


of the Apparatus Development Department 
completed thirty-five years of service in the 
Bell System on the first of Fuly 


reducing the interference introduced into 
the radio receivers used on airplanes. 

Tue FirreenTH Annual Convention of 
the National Association of Broadcasters 
was held in Chicago, June 20 to 23, at 
which the Graybar Electric and Western 
Electric Companies exhibited broad- 
casting apparatus and vacuum tubes. 
Laboratories’ engineers who attended the 
convention were F. W. Cunningham, 
W. L. Black, W. H. Doherty, O. M. 
Hovgaard, and R. E. Poole, representing 
the Commercial Products Development 
Department; and H. E. Mendenhall and 
V. L. Ronci representing the Vacuum 
Tube Development Department. 

W. H. Douerrty and B. LeuveLiInK 
visited the Radio Development Labora- 
tories of the Northern Electric Company 
in Montreal for the purpose of discussing 
the design and installation of two 50- 
kilowatt radio-transmitting equipments 
now in process of manufacture for the 
Canadian Broadcasting Corporation. 

A SURVEY CONFERENCE on keys held 
at the Kearny works of the Western 
Electric Company was attended by J. 
F. Baldwin, G. A. Ritchie, G. P. Tromp 
and C. H. Wheeler. 

C. E. Netson visited offices of the 
New Jersey Bell Telephone Company in 
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Trenton and of the Southern New Eng- 
land Telephone Company in Westport 
and New Haven for observations on step. 
by-step equipment. In Westport and New 
Haven he was accompanied by C. G, 
McCormick and G. H. Downes. 

M. K. Krucer has transferred to the 
Western Electric Company at Kearny 
where he will engage in work on inspec- 
tion and testing methods for broad-band 
systems in the organization of the Engi- 
neer of Manufacture. 

L. H. CampseE t recently visited the 
American Coach and Body Company in 
Cleveland to observe the application of 
baked finishes to automobile bodies. 

R. H. Cottey attended the meeting of 
the Executive Committee of the American 
Wood-Preservers’ Association at Madison, 
Wisconsin, on June Io and 11. 

AT THE JUNE meeting of the American 
Society for Testing Materials held in New 
York City, papers were presented by 
R. Burns and I. L. Hopkins on Co/d Flow 
of Insulating Materials and by C. H. 
Greenall and G. R. Gohn on Fatigue 
Studies of Non-Ferrous Sheet Metals. 
J. R. Townsend served as chairman of 
the Entertainment Committee for the 
Society, and also presented the Report of 


W. E. Moucey 


of the Outside Plant Development 

Department completed thirty years 

of service in the Bell System on 
the eighth of Fuly 
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Committee B-6, on Die-Cast Metals and 
Alloys, of which he is chairman. W. W. 
Werring served as chairman of an in- 
formal discussion on Impact Testing held 
under the auspices of the committee 
responsible for this work. C. H. Greenall 
was elected Chairman of Committee B-5 
on Copper and Copper Alloys. 

W. Herriotr visited the Folmer 
Graflex Corporation at Rochester in con- 
nection with message-register cameras. 

J. S. Garvin and F. C. Kucu were at 
Kearny to observe new methods of manu- 
facturing relays. 

B. FreILE, at Hawthorne, was con- 
cerned with manufacturing problems on 
the crossbar switch. 

H. W. Gorr was at Ansonia, Connecti- 


G. K. SmiruH 


of the Equipment Development Department 
completed thirty-five years of service in the 
Bell System on the sixteenth of Fuly 


cut, to inspect special accessories for use 
in dial developments. 

RELAYS UNDERGOING special tests in 
the central office in Floral Park, Long 
Island, were observed by F. C. Kuch, 
R. B. Bauer and P. W. Swenson. 

R. A. Hetsinc spoke on June 7 at the 
alumni dinner of the University of North 
Dakota held during Commencement 
Week; and on June 8 at a luncheon of the 
Rotary Club of Grand Forks, N. D. 

AT A syMposiuM devoted to Structures 
of Metallic Phases, held at Cornell Uni- 
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W. C. F. FarRNeELL 


of the Bureau of Publication completed 
thirty-five years of service in the Bell 
System on the eleventh of Fuly 


versity from July 1 to 3, R. M. Bozorth 
presented a paper on Directional Ferro- 
magnetic Properties of Metals and F. C. 
Nix presented another on Superstructures 
in Alloy Systems. Others who attended 
the symposium were W. H. Brattain, 
L. H. Germer, F. E. Haworth, P. Mertz 
and W. Shockley. 

At To.epo, South Bend and interme- 
diate points, M. M. Bower, H. Keppicus, 
J. P. Kinzer, W. D. Mischler, L. H. 
Schwartz, H. H. Spencer and G. P. Wenne- 
mer have been working on the initial instal- 
lation of a Type-K cable-carrier system. 

At A syMposiuM on Solid State, held at 
Bryn Mawr College on June 14, J. A. 
Becker spoke on The Evaporation and 
Migration of Platinum on Tungsten. 

C. E. Fay, at Youngstown, Ohio, on 
June 12, gave an informal talk on Ultra- 
High-Frequency Vacuum Tubes before a 
regional meeting of radio amateurs. 

At THE Mapison, Wisconsin, meeting 
of the American Physical Society held on 
June 22 and 23, papers were presented 
by G. C. Southworth on Some New Ex- 
perimental Methods Applicable to Ex- 
tremely High Frequencies and A. L. Samuel 
on The Negative-Grid Tube as a High- 
Frequency Generator. The two papers 
were part of a symposium devoted to 
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A.W. Hayes 


generation and studies of high-frequency 
currents of centimeter range. 

H. T. LancaBEER witnessed the cut- 
over of the new Wabash dial office at 
Cincinnati and made an inspection of the 
power plant at Williamsport, Pa. 

H. M. Spicer was at West Chester, 
Pennsylvania, discussing control prob- 
lems in connection with portable engine 
alternator sets. 

J. H. Sote discussed machine design 
problems at Fort Wayne, Indiana, and 
power plant problems with the telephone 
companies at Williamsport, Pittsburgh, 
Columbus, Dayton and Toledo. 

V. T. CaLLtaHan was in Buffalo, and 
West Chester, Pennsylvania, testing both 
portable and stationary engine alternator 
sets for power supply. 

J. L. Dow has been at Hawthorne to 
discuss several matters pertaining to the 
_ development of switching systems. 


* * * * * 


A. W. Hayes completed twenty-five 
years of service in the Western Electric 
Company and in the Laboratories on the 
eighth of July. After graduation from 
Pennsylvania State College in 1912 with 
the degree of B.S. in Electrical Engineer- 
ing he joined the student course of the 
Western Electric Company at Haw- 
thorne. During the course he spent several 
months in installation work at Chicago 
and at Milwaukee. He transferred to New 
York in 1913 to join the Transmission 
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Branch of the Engineering Department: 
since then he has been continuously a. 
gaged in the design and development of 
carbon transmitters and handsets and has 
made many contributions in this field. 
He started at the time that the old solid- 
back transmitter was undergoing exten- 
sive modifications and was intimately 
associated with development of the cen- 
trally-damped transmitter of 1917 and 
the conical chamber transmitter of 1920; 
also, for handsets, the barrier-type trans- 
mitter of 1927 and the direct action type 
of 1934, the latter being the present 
standard unit. During the World War, 
Mr. Hayes was concerned with the devel- 
opment of various instruments used in 
airplane communication systems. At 
present he is in charge of a group in the 


W. A. Rhodes 


Transmission Instruments Engineering 
Department responsible for current engi- 
neering on transmitters and handsets. 


* * * * * 


W. A. Ruopes’ first contact with the 
telephone industry was during the sum- 
mer before he graduated from Massa- 
chusetts Institute of Technology in 1912 
with the degree of S.B., when he worked 
as a draftsman with the Colorado Tele- 
phone Company. Following graduation he 
joined the Engineering Department of 
the American Telephone and Telegraph 
Company and during the next eight years 
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engaged in the development of mis- 
cellaneous local switchboard equipment. 
He was associated with the development 
of the Nos. 13 to 18 operating room desks, 
the No. 1 central information desk and 
the No. 1-D switchboard and was re- 
sponsible for the General Engineering 
Circulars covering this equipment. From 
1920 to 1922 Mr. Rhodes, then in the tele- 
phone systems section of the Department 
of Development and Research, worked on 
the consolidation at Minneapolis and St. 
Paul, the call indicator installation in the 
Omaha panel office and the call indicator 
and consolidation work involved in the 
panel installation at Kansas City. During 
1923 he spent two months in Los Angeles 
where he assisted in a complete rearrange- 
ment of trunking between dial and 
manual offices. From then until 1927 he 
was concerned, in addition to miscellane- 
ous manual development, with consolida- 
tion work, including the rearrangement 
of facilities at St. Louis and Louisville. 

Mr. Rhodes later engaged in the devel- 
opment of the automatic display call- 
indicator which is the basis of the present 
standard equipment. In 1933 Mr. Rhodes 
turned his attention to the crossbar 
system and is at present engaged in 
general studies and preliminary surveys 
of that type of system in the Local Central 
Office Facilities Department. On the first 
of July, Mr. Rhodes received a five-star 
emblem signifying his completion of 
twenty-five years of service. 

* * * * * 


>. C. Meyer, Toll Equipment Engi- 

» of the Systems Development Depart- 
ment, completed a quarter century of 
service in the Western Electric Company 
and the Laboratories on the eighth of 
July. He attended Western Reserve Uni- 
versity for three years and Case School of 
Applied Science for two years, taking a 
combined course whereby he received a 
B.A. degree from Western Reserve and a 
B.S. degree from Case in 1912. He joined 
the student course of the Western Electric 
Company at Hawthorne and, after the 
usual shop training and installation ex- 
perience at Cleveland and Cincinnati, 
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entered the equipment gection of the 
Engineering’ Department on central office 
engineering. He transferred to the Equip- 
ment Development Department.in New 
York in 1920 and his first work here was 
correlating the provision of terminal 
equipment for the first telephone cable 
between Key West and Havana. Since 
then he has been engaged in the develop- 
ment of toll equipment with the exception 


Meyer 


of one year when he was in charge of the 
trial installation section of the Equipment 
Development Department. As head of 
the toll equipment group, Mr. Meyer has 
responsibility for the equipment problems 
of switchboards, test boards, telephone 
repeaters, toll signalling equipment, open- 
wire carrier telephone, cable and coaxial 
systems, and all equipment work for tele- 
graph systems. 
* * * * * 


Arter E.L. Rupp received the degree of 
B.S. in Electrical Engineering from Okla- 
homa Agricultural and Mechanical Col- 
lege in 1912, he joined the student course 
of the Western Electric Company at 
Hawthorne, beginning the service with 
the Bell System which reached its quarter- 
century mark on the twenty-ninth of 
July. Upon completion of this course, 
which included shop training and installa- 
tion work at Milwaukee, he entered the 
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Equipment Kngineering Department 
where he was engaged for six years in all 
phases of this work. 

Mr. Rudd transferred to New York 
in IgIg with a group of men selected to 
engineer the first of the dial-system 
central offices and to establish engineering 
standards covering this equipment. Since 
1925, in the current development group 
of the Equipment Development Depart- 


E. L. Rudd 


ment, he has been engaged in handling 
analyzation questions relating to tele- 
phone systems, particularly power plant 
apparatus, and in providing associated 
telephone companies and the Western 
Electric Company with recommendations 
on orders to which standard equipment is 
not applicable. 
* * * * * 


THE PRESENTATION of a five-star serv- 
ice emblem to A. A. Catlin on July 29 
marks his completion of a quarter century 
of service in the Bell System. Following 
his graduation from Colorado State 
College in 1912 with the degree of B.S. 
in Electrical Engineering, he joined the 
student course of the Western Electric 
Company at Hawthorne. During the 
course he spent over four months on 
installation work in Chicago and Indian- 
apolis. He then joined the Hawthorne 
division of the Apparatus Development 
Department on the development of tele- 
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A. A. Catlin 


phone and switchboard cords and switch- 
board cable. In 1917 he transferred to 
New York where he fan Hoe the same 
type of work. Two yearg later he joined 
the group responsible for the design and 
development of filters, networks and 
transformers. In 1923 he entered the 
equipment section of the Systems Devel- 
opment Department where he engaged in 
the development of machine-switching 
equipment. During 1926 and 1927 Mr. 
Catlin was concerned with the installa- 
tion of the original control board at 
Walker Street for transatlantic radio 
telephone service. 

Mr. Catlin transferred in 1928 to the 
Engineering Department of Electrical 
Research Products, Inc., where he re- 
mained until 1936. The first two years 
he specialized in news-reel equipment, 
mostly in the field; the rest of the time 
he spent on studio recording equipment 
principally in contact with studios in the 
New York metropolitan area. He returned 
to the Equipment Development Depart- 
ment of the Laboratories a year ago last 
June and since then has been in the analy- 
zation group which provides consulting 
services to the Western Electric Company 
on all types of central-office orders re- 
ceived from the associated companies. 

* * * * * 


A FIVE-STAR service emblem signifying 
the completion of twenty-five years of 
service was awarded Theodore Muhlen- 
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beck on the third of July. Before joining 
the Bell System in 1912 Mr. Muhlenbeck 
spent eleven years with the Automatic 
Weighing Machine Company, building 
and adjusting small weighing machines. 
A large part of his time during these years 
was spent in traveling throughout the 
East and Middle West. His first work 
with the Western Electric Company was 
in the model shop but within three months 
he transferred to the Apparatus Branch 
on the development and adjustment of 
the semi-mechanical panel apparatus in- 
stalled in Newark. During the installation 
period he adjusted the apparatus and 
trained engineers of the American Tele- 
phone and Telegraph Company and the 
New Jersey Bell Telephone Company on 
the operation of the panel system. 

Upon Mr. Muhlenbeck’s return to West 
Street he adjusted and maintained a 600- 
line step-by-step system which was subse- 
quently installed at Greenville, North 
Carolina. Later, he worked on the devel- 
opment of various machine-switching 
equipment, particularly so00-point and 
100-point switches. He also spent some 
time on special systems that were being 
experimented with in the period following 
the World War. At present, he is in the 
dial apparatus laboratory of the Appara- 
tus Development Department where he 
sets up and adjusts, for life tests, all the 
various types of equipment used in the 
step-by-step, panel and crossbar systems. 


Theodore Muhlenbeck 
August 1937 


ON THE TWENTY-FOURTH of June, 
Gilbert T. Ford completed twenty-five 
years of continuous service with the 
Western Electric Company and the 
Laboratories. Mr. Ford received the 
degree of B.S. in Electrical Engineering 
from the University of Tennessee in 1912 
and immediately joined the student 
course of the Western Electric Company 
at Hawthorne. The last four months of 
this course consisted of installation work 
at Omaha. Following this he returned to 
the Equipment Engineering Department 
at Hawthorne where he prepared speci- 
fications for small manual switchboards. 

In 1919 Mr. Ford transferred to the 
equipment section of the Systems Devel- 
opment Department in New York where 
he was concerned with the preparation of 
detailed requirements and specifications 
of the panel system when the panel 
program was being inaugurated on a 
national basis. At this time he taught an 
Out-of-Hour course on the panel system. 


G. T. Ford 


From 1922 to 1925 he was in charge of the 
groups analyzing manual, step-by-step 
and panel central offices and handling 
their associated power equipment. Since 
1925, Mr. Ford has been associated with 
the development of manual systems in the 
Equipment Development Department. 
This work has covered the development 
of the 11-type and 12-type switchboards, 
test, information and service observing 
desks and test sets common to all systems. 
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A. E. Bacuecet and R. D. Fracass! 
visited Albany, Syracuse, Rochester and 
Buffalo to test the rapid reversal arrange- 
ment for B-22 cable program-trans- 
mission circuits. 


R. W. Harper was in Chicago to dis- 
cuss dial offices for small communities 
with the Automatic Electric Company. 

AN arTICcLe by E. C. Molina entitled 
A Tour Through Probability Domains 
appeared in the July number of the 
Scientific Monthly. 


T. A. McCann visited the Teletype 
Corporation and the Illinois Bell Tele- 
phone Company in Chicago to discuss 
improved radio induction-suppressors 
used in teletypewriters. 


THE IOI TELETYPEWRITER line concen- 
trating unit at Norfolk, working in con- 
junction with the 3A_ teletypewriter 
switchboard at Richmond, Virginia, was 
completely cut over to commercial service 
on June 11. F. J. Singer, J. A. Mahoney, 
F. S. Kinkead, C. W. White, C. W. 
Lucek, and W. M. Bacon were in Rich- 
mond or Norfolk during the preliminary 
tests or at the time of the cutover. 

M. T. Dow at Dunnellon, Florida, in- 
stalled an antenna for use in obtaining 
continuous records of summer static. 

HIGH-QUALITY PHONOGRAPH records of 
open-wire line noise were made in New 
Milford, Connecticut, by O. J. Murphy, 
I. S. Rafuse, and E. M. Staples. These 
records are to be used in laboratory tests 
of fast-operating signaling circuits. 

A MOTION Picture film entitled Physi- 
cal Testing Methods for Organic Finishes 
was shown during the Metal Finishing 
Exhibit held in New York City from June 
12 to Ig. This film was made by A. E. 
Schuh and F. L. Hunt. 

SEVERAL MEMBERS of the Laboratories 
have been at Wichita, Lamar and inter- 
mediate points to observe and test the 
performance of the Type-J open-wire 
carrier terminals, repeaters and overall 
system. These engineers were A. J. Aikens, 
B. C. Griffith, J. P. Hoffmann, H. T. 
King, R. W. Lange, A. W. Lebert, H. R. 
Moore, C. W. Schramm, L. F. Staehler 
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and R. S. Tucker. Mr. Tucker on his 
return visited Chicago on panel system 
problems and South Bend in connection 
with the Type-K carrier system trial, 

R. K. Honaman, in Augusta, Maine 
attended a conference on the protection of 
communication service at stations of 
power companies. 


AT THE SUMMER convention of the 
A.I.E.E., held in Milwaukee, Wisconsin, 
from June 21 to 25, P. A. Jeanne, J. C, 
Davenport and E. F. Vaage of the Labo. 
ratories and C. L. Gilkeson of the Edison 
Electric Institute presented a compre- 
hensive paper entitled Power System 
Faults to Ground. The paper was presented 
in two parts, Characteristics and Fault 
Resistance. 


AT THE ANNUAL meeting of the Society 
for the Promotion of Engineering Educa- 
tion held at Cambridge from June 28 to 
July 2, papers were presented by H. W. 
Bode on Mathematical Foundations for 
Modern Electrical Engineering and by 
John Mills on The Making of Industrial 
Physicists. R. J. Heffner and R. A. 
Deller also attended the meetings. T. C, 
Fry, chairman of the Mathematics sec- 
tion, presided at two meetings of this 
section held jointly with the Electrical 
Engineering section. 


K. J. Way was the author of an article 
in Electronics on Voltage Regulators Using 
Magnetic Saturation, based on work he had 
done before joining these Laboratories. 

E. J. THIELEN gave a talk at the 
Straubenmuller Textile High School on 
June 15 in which he discussed the training 
courses offered in the Laboratories. 


THOROUGHLY modern facilities for sales 
to members of the Laboratories have now 
been placed in service in Section 2-B at 
West Street, marking the transfer of Per- 
sonal Purchase activities from the Com- 
mercial Relations Department to the Bell 
Laboratories Club. A line of haber- 
dashery, lingerie, electrical and sporting 
goods and toilet articles will be carried. 
The Club Store will also continue the 
various services rendered by the Personal 
Purchase Department. 
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N the development of communica- 
tion systems for transmission on 

many channels over a single pair of 
conductors, lines good for high fre- 
quencies are, of course, of prime 
importance. Having provided such 
a line, the problem next in impor- 
tance is to provide amplification 
for all the channels in a single re- 
peater, since the additional appa- 
ratus necessary to separate the chan- 
nels, amplify them while separate, and 
recombine them would be very com- 
plicated and expensive. With the ex- 
perimental coaxial system between 
New York and Philadelphia, which 
provides 240 telephone circuits and 
has an upper frequency of 1024 kc, 
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Repeaters for the Coaxial System 


By K. C. BLACK 
Transmission Development Department 


the undertaking involves many difh- 
culties and complexities. 

The attenuation of the coaxial line 
at its top frequency is far greater than 
that encountered by previous systems 
at their highest frequencies, and, in 
addition, the difference in loss between 
the highest and lowest frequencies is 
also much greater than in conven- 
tional types of lines. This means that 
considerably more overall gain must 
be provided at the higher frequencies 
than in other systems, and that a 
much greater change in gain with fre- 
quency, or equalization, is also re- 
quired. As an example, 100 miles of 
ordinary toll cable circuit (19 gauge 
H-44-25) has an attenuation at voice 
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Fig. 1—Route map of the experimental 
coaxial line showing repeater locations 


frequencies of about 50 db while the 
same length of coaxial cable has an 
attenuation of 600 db at its upper 
frequency. Present voice-frequency 
practice spaces repeaters about 50 
miles apart so that some 25 db of gain 
is required at each point. The enor- 


mously greater attenuation to be 
overcome in the coaxial system has 
made it necessary to space the re- 
peaters about 10 miles apart for the 
experimental installation between 
New York and Philadelphia, and to 
provide a gain of 60 db at each one. 
This difference has required a radical 
change in the design of the repeaters. 
Previous repeaters have been in- 
stalled in attended repeater stations, 
where their performance could readily 
be checked at all times, and where 
tube changes or other adjustments 
could be made in a very short time. 
To provide attended repeater stations 
every ten miles, however, would be a 
serious economic handicap. The re- 
peaters had to be designed for unat- 
tended operation, therefore, and built 
so that they could be placed in man- 
holes or hung on poles as occasion 
warranted. 

Another difficulty in the design of 
repeaters for the coaxial system is the 
large amount of additional, and vari- 
able, gain required to compensate for 
changes in temperature. On a 100-mile 
line, for example, some 80 db more 
gain is required at the top frequency 
at 110 degrees Fahrenheit than at 
—1o degrees Fahrenheit, and the de- 
sired change in gain with temperature 
is different for each frequency. Be- 
sides the changes in gain with fre- 
quency that must be provided, there 
are also other changes that are not 
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Fig. 3—The 10007! amplifier employed on the original 


experimental coaxtal line 


dependent on frequency. These may 
be caused by variations in the voltage 
of the repeater power supply, by aging 
of the tubes, or by other factors. 

Two types of regulators are pro- 
vided in the coaxial repeaters: one to 
give “tilt” or “twist” regulation to 
compensate for losses that vary with 
frequency, and one to give “flat” regu- 
lation to compensate for the losses 
that do not vary with frequency. For 
each type of regulation a pilot signal 
is transmitted over the coaxial con- 
ductor, and a deviation from normal 
level of this signal at the output of a 
repeater causes the regulators of that 
repeater to insert or remove gain as 
may be required. The 
advantage of this 
method is that the out- 
put of each repeater is 
held at some pre-es- 
tablished value, within 
the precision of the 
regulator, so that an 
error in the setting of a 
regulator does not lead 
to a cumulative error. 
If one repeater fails to 
regulate, the next re- 
peater in the direction 
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of transmission will 
tend to bring its out- 
put level to the proper 
value so that the over- 
all gain will remain 
constant. 

The pilot signal for 
controlling the fiat reg- 
ulation is at 60 kc, and 
thus has an attenua- 
tion about the same as 
the lowest frequency 
of the communication 
band, and that for con- 
trolling the tilt or twist 
regulation is at 1024 
ke, and thus has an 
attenuation about the same as the 
highest frequency of the communica- 
tion band. Too low a level at 60 ke 
causes the regulator to increase the 
gain of the repeater at all frequencies, 
and too low a level at 1024 kc causes 
it to increase the gain according to the 
attenuation slope, with the result 
that the greatest increase occurs at 
the highest frequency. 

Both of these types of regulation are 
not necessarily required at each re- 
peater. For an aerial line, twist regu- 
lation would be required at every re- 
peater, but for an underground line, 
such as that between Philadelphia and 
New York, every second or third re- 


Fig. 4—The complete repeater for the coaxial system 
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peater is sufficient. In either case 
about every fifth repeater is frequent 
enough for flat regulation. In the ex- 
perimental installation, the flat regu- 
lators are installed only at the at- 
tended repeater stations at New York, 
Princeton, and Philadelphia, while 
twist regulators are provided at these 
stations and at two intermediate 
points as indicated in Figure 1. 
Current for operating the repeaters 
is supplied at sixty cycles over the 
coaxial conductor itself by a method 
which will be described in a subse- 
quent article. The primary sources 


Fig. s—The coaxial bays at the Princeton repeater station 
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of current are at New York, Newark 
Princeton, and Philadelphia. Newark 
and Philadelphia each feed one ad- 
jacent repeater, while Princeton feeds 
two on each side. New York supplies 
only its own terminal repeater. Equip- 
ment is provided for filtering out 
this power current at each repeater, 
and supplying it to the amplifier 
in the proper forms. 

The amplifier as originally de- 
signed for the experimental circuit is 
shown in schematic form in Figure 2, 
and in the photograph of Figure 3. 
The three tubes at the left in Figure 3 

are the three amplifier 
stages shown in the 
schematic, while the 
tubes at the right form 
part of the regulator 
circuit. Most of the 
tubes used are specially 
designed pentodes. 
Negative feedback is 
used around the last 
two stages of each am- 
plifier to meet the se- 
vere requirements 
placed on distortion. 
Since the repeaters are 
designed for unat- 
tended operation, all 
adjustments have been 
reduced to a minimum. 
At the non-regulating 
repeaters, of which 
there are five in the ex- 
perimental installa- 
tion, only one adjust- 
ment is required in the 
field for each direction 
of transmission, and at 
the regulating repeat- 
ers, only two. It is ex- 
pected that the only 
routine maintenance 
will be the occasional 
replacement of tubes. 


August 1937 


ne 
| _ = 


Two of these amplifiers, 
either of the regulating or 
non-regulating type, are 
mounted with a power sepa- 
ration filter panel and a power 
pack to form a complete re- 
peater. These four units are 
then installed in a steel box 
with a water-tight cover as 
shown in Figure 4, where 
the power filter is at the left, 
then the power pack, and then 
the two amplifiers, one for 
each direction of transmission. 
The complete unit weighs 
about 300 pounds. One of the 
repeaters installed in a man- 
hole is shown in the photo- 
graph at the head of this 
article, while one of the ‘‘above 
ground” installations was 
shown on page 274 of the 
May Recorp. The coaxial 
equipment at Princeton is 
shown in Figure 5; in this pho- 
tograph the cover is removed 
from one of the amplifiers. 

In preliminary tests on the 
experimental circuit the re- 
peaters have proved very satisfactory 
from the point of view of transmis- 
sion. The transmission on the overall 
system is the same at all frequencies 
within about +!% db for average 
temperatures. Additional transmis- 
sion variations due to imperfect com- 
pensation for temperature appear to 
result in overall variations of about 
+1 db. Talking tests have been made 
over the circuit and the quality of 
transmission is not noticeably af- 
fected by the repeater equipment. 

The present trial repeaters are not 
satisfactory from the point of view of 
maintenance, no provision being made 
to insure service during tube or re- 
peater failures, nor has any provision 
been made for supplying power from 
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Fig. 6—Lowering a repeater into manhole E, some 


ten miles south of Trenton 


standby equipment. From the point 
of view of modulation the present 
amplifier, though satisfactory on a 
circuit of moderate length such as 
that used in the New York-Philadel- 
phia trial, would not be suitable for 
use in very long circuits. Furthermore, 
the near-end crosstalk in the present 
repeaters which would manifest itself 
as echo, although satisfactory on 
short lengths of line or on high ve- 
locity circuits, is dangerously near the 
limit imposed on long lines that may 
have a considerable length of lower- 
velocity voice-frequency cable con- 
nected at the terminals. 

As yet the present repeaters can- 
not be regarded as suitable for use in 
the telephone plant even though some 
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of the major technical difficulties, such 
as transmission and regulation, have 
been overcome. Considerably more 
development work is being carried on 
to correct the shortcomings which 
still remain. It is encouraging, how- 
ever, to note that in the recent service 
trial of the coaxial system (reported 
on page 360 of the Recorp for July) 
that the problems which were experi- 
enced at that time, although they 


were individually unpredictable, were 
all of the type which is normally to be 
expected in the first working out of a 
radically new system. In those tests 
there was experimental transmission 
also of telegraph and telephoto signals, 
and the system proved that it could 
handle more than one type of facility 
at the same time—which is a very 
desirable characteristic from the 
standpoint of flexibility. 


THe MakING oF INDUSTRIAL PHYSICISTS 


The human material for the construction of an industrial 
scientist may be qualitatively described with considerable 
ease; but to write for it an engineering specification with 
inspection techniques and with prescribed tolerances is at 
present impossible. Unless, however, we would credit evo- 
lution with having changed human nature within the times 
of recorded history we will agree that, despite his special- 
ized training, modern scientific point of view and wealth 
of precise instruments, the industrial scientist of today is 
the man of yesterday and of yesteryear and so on back into 
prehistoric days. What did this type of human being do in 
the past? Was he king or priest? captain or explorer? medi- 
cine man or scribe? trader or pirate? None of these. He was 
thinker and craftsman. His was the type that invented the 
wedge, the inclined plane, the lever and the screw. He sur- 
veyed and built the Pyramids; designed and constructed 
triremes, roads and aqueducts; shaped the tools of his day; 
and led the way from stone to bronze to steel. 

His urge was the instinct of workmanship, a pleasure in 
the act of creation or construction which 1s its own reward. 
Neither driven by acquisitive instinct nor maddened by lust 
for power or fame, his satisfaction was his work; he sought 
little reward; and died unknown. More practical than the 
philosophers; spending little of his time in teaching or 
writing; and no follower of the Muses, he burned with a 
quiet steady flame of the same divine fire that suffused the 
great teachers and poets of his time. The captains and the 
kings depart; but what he wrought is the hidden basis of our 


material grandeur. 


—From a paper delivered by Fohn Mills before the Society for Promotion of 


Engineering Education, Fuly 1937- 
39° 
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High-Frequency Supply for Degassing 


By E. G. SHOWER 
Vacuum Tube Development 


LL materials which eventually 
go inside a vacuum tube will 
absorb into their mass and ad- 

sorb onto their surface a considerable 
amount of gas when they are at at- 
mospheric pressure and temperature. 
Under the low pressures and high 
temperatures found in vacuum tubes 
during operation, the amount of these 
gasses which can be held bound is 
much less. If a tube were rapidly 
pumped without heating, the excess 
gasses would come out of the ele- 
ments, slowly while the tube remained 
cold and rapidly as soon as it was 
placed in service. So many molecules 
thus appearing inside the envelope 
would be ionized by collision with 
electrons that the tube would not 
function properly and a destructive 
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arc might strike between the elements. 
These facts were discovered early in 
the high vacuum art, and means were 
provided to drive off the gasses by 
heating the parts before and during 
the pumping operation. 

Materials which go into a tube can 
be classed roughly into two groups, 
conductors and insulators. The insu- 
lators must be heated by conduction 
or radiation as for example the glass 
envelope, which is heated at the be- 
ginning of the evacuating process by 
an electric oven fitted around the out- 
side of the tube. The insulators used 
inside the envelope are degassed 
previous to assembly, or during evac- 
uation by conduction or radiation 
from parts which are adjacent to them. 

The conductor class of materials 
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can be heated by two additional 
methods; namely, electron bombard- 
ment and high frequency induction. 
As the name of the first process im- 
plies, the part is bombarded with high 
velocity electrons which give up prac- 
tically all their energy to the bom- 
barded surface, thus heating it to the 
desired point. However, the bombard- 
ment process necessitates, first, a 
source of electrons sufficient to supply 
the required amount of energy, and 
second, a geometrical arrangement 
whereby the electrons will travel in 
essentially straight lines and still be 
made to strike the surface of the ma- 
terial to be heated. In general, the 
second condition cannot be fulfilled 
for all of the internal parts of a 
vacuum tube. In some cases the fila- 


ment could not safely emit a suff. 
ciently large electron current to de. 
velop the required temperature. In 
other cases the part to be heated is 
isolated either electrically or mechani- 
cally in such a way as to preclude 
heating either by conduction, radia- 
tion or bombardment. In such cases, 
high frequency inductive heating js 
used. Essentially this process is ac- 
complished by surrounding the tube 
with an inductance coil through which 
high frequency current is passed. The 
resultant eddy currents in the me- 
tallic parts of the tube, which act as 
the secondary of an oscillator trans- 
former, raise the temperature of those 
parts to a degree dependent upon the 
coupling, frequency, field strength, 
and resistivity of the material. 


Fig. 1—A portable oscillator provides a convenient source of high-frequency heating 
current capable of expelling the gasses from the smaller tubes 
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Since the internal geometry of the 
tube is determined by operating re- 
quirements, it frequently happens 
that the metallic parts are deeply 
buried in the tube, with a correspond- 
ingly low coefficient of coupling with 
the inductor coil. Energy transfer, 
however, increases with the square of 
the frequency and hence high fre- 
quencies are invariably used. 

The Poulsen arc, the spark oscil- 
lator and the high frequency alter- 
nator have been used, but the vacuum 
tube type of generator permits the use 
of higher frequencies than these other 
methods and in addition is consider- 
ably more flexible. 

The simplest form of vacuum tube 
generator is a portable set shown in 
Figure 1, and used in pumping the 
smaller tubes. It is self-contained, 
operates on sixty cycles, 208 volts, and 


consists of a plate-supply rectifier, 
oscillator, tubes, switches, transform- 
ers and condensers. The heating coil 
serves as the tuning inductance of the 
oscillating circuit. The frequency at 
which this set operates depends, of 
course, upon the heating coil used 
since the oscillating condenser is fixed, 
but is usually in the range of 250 to 
500 ke. Tap switches are provided to 
regulate the oscillator plate voltage, 
which determines the circulating cur- 
rent in the heating coil and hence the 
temperature of the parts being treated. 
All tubes used in this type of equip- 
ment are air-cooled. 

In pumping large tubes or tubes 
where the contained parts are very 
small as compared with the glass en- 
velope, hence involving poor coupling, 
the maximum available power in the 
portable sets is not sufficient to reach 
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Fig. 2—Schematic of high-frequency distribution system. The arrangement of heating 
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Fig. 3—A view of the vacuum tube laboratory showing a typical pumping station at the 
extreme left and the overhead bus structure and disconnecting switches 


the required outgassing temperatures. 
It has therefore been necessary to 
design non-portable oscillators using 
water-cooled tubes. There are two 
such sets in use in the Vacuum Tube 
Development laboratory at the present 
time, one nominally rated at fifteen 
kilowatts output and the other at 
thirty-five kilowatts. 

When a fixed set is used, it is, of 
course, necessary to transmit its power 
to the pump stations, of which there 
are about a dozen in the laboratory. 
Since the transmission line must be 
well over a hundred feet long and 
must transmit substantial amounts of 
power at frequencies in or near the 
broadcasting band, precautions were 
necessary against loss through radia- 
tion, either into space or into adjacent 
metal structures. Accordingly the im- 
pedance of the system was made high 
by tuning the coupling circuits at 
both ends, thus minimizing the line 
current while giving a large current 
through the heating coil. To guard 
against radiation when a unit isslightly 
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detuned and a considerable current 
flows in the line, the return (grounded) 
line is run physically parallel to the 
high side of the transmission line and 
about eight inches away from it. As 
will be seen from Figure 3, the con- 
struction of the line follows current 
high-tension practice, with interlock- 
ing switches so that the two generating 
sets cannot be connected together or 
to the same pumping station. Safety 
grounding switches are also provided. 

The fifteen-kilowatt oscillator 
shown in Figure 5 employs two 228A 
water-cooled tubes in parallel as oscil- 
lators, and two 255A mercury-vapor 
tubes as rectifiers for plate supply. 


OSCILLATING PART TO BE HEATED. 
CIRCUIT 


—>! 


TO | i 
OSCILLATING TRANSMISSION 


TUNING 


A 


CONDENSER 
Fig. 4—By employing a condenser at the 
pumping station to tune the heating coil, only 
a small current is transmitted over the line 
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-With the control at the 


Regulation is accom- 
plished by a manually 
operated tap switch on 
the front of the set. 


oscillator itself, it is de- 
sirable to transmit the 
high frequency only to 
points where the oper- 
ator at the oscillator 
can watch the heating 
process. For this rea- 
son the switching sys- 
tem of the transmis- 
sion line is so arranged 
that the fifteen-kilo- 
watt oscillator can be 
connected only to the 
six pumping stations 
in the immediate vi- 
cinity of the oscillator. 

In some cases it is 
not possible to obtain 
the desired tempera- 
tures due to lack of 
available power or to 
the fact that the cou- 
pling is poor. For these 
reasons a_ thirty-five- 
kilowatt set using four 
228A tubes as oscil- 
lators was designed 
and built. This set is provided with 
a remote-control feature (shown on 
page 391) whereby it can be fully con- 
trolled from the point of use. The 
same transmission line is used for 
the high frequency as with the fifteen- 
kilowatt set, interlocking switches 
being provided for this purpose. Re- 
mote control is provided through a 
six-conductor cable which terminates 
in a convenience outlet at each point 
of use. The remote-control apparatus 
consists of an “‘on-off” switch, a volt- 
meter and a “raise-lower” switch. 
The “on-off” switch controls a mag- 
netic contactor in the primary of the 
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Fig. 5—The fifteen-kilowatt oscillator employs a manually 
operated tap switch for adjusting the output 


oscillator plate-supply transformer. 
The voltmeter indicates the voltage 
across the primary of that trans- 
former and the “‘raise-lower” switch 
controls the three-phase motor which 
operates an induction regulator in the 
120-volt, sixty-cycle supply line to 
the plate transformer. This induc- 
tion regulator performs the same 
functions as the tap switches in the 
other sets, but here there are no per- 
ceptible steps. 

Although the high frequency is 
controlled remotely it is necessary to 
turn on cooling water and filament 
supplies at the set, but this operation 
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is only performed one or two times in a 
working day. In order to change the 
point of use the remote control ap- 
paratus is rolled to the new point and 
plugged into the outlet and the inter- 
locking switches in the transmission 
line thrown to the proper positions. 
There is no necessity for going back 
to the set itself. The plate voltage is 
turned off when the remote-control 
unit is disconnected from the con- 
venience outlet, even though the 
operator may have failed to turn off 
the plate voltage in the usual manner. 

The thirty-five-kilowatt set has an 
additional feature in that it provides 
for three different frequencies. Ad- 
justable bus bars and heavy terminals 
accessible from the front of the set 
(shown through lower right-hand glass 
panel, Figure 7) serve to connect the 
four oscillator condensers in parallel, 


Fig. 6—One of the pumping stations, showing the arrange- 
ment of tuning condensers at the upper right 
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series parallel or in series, giving nomi. 
nal frequencies 250, 500 or 1000 ke. 
The higher frequencies are partic. 
ularly desirable in cases where cou- 
pling conditions are poor, such as in 
the case of a tube with small elements 
and a relatively large glass envelope. 
The recently developed ultra-high 
frequency Western Electric 3164 
tube is an example of a tube heating 
problem which requires high frequen- 
cies. Since for any given material the 
power consumed by eddy currents is 
proportional to the square of the fre- 
quency, this increase in frequency, 
where possible, is a definite advantage. 

The impedance at the terminals of 
the resonant circuit at the load end is 
relatively high as compared with the 
line impedance. There would be re- 
flection losses at this junction of the 
transmission line with the heating coil 
and condenser com- 
bination and standing 
waves would result if 
the electrical length 
of the line approached 
a quarter wavelength. 
This difficulty could be 
overcome by the use of 
im pedance-matching 
networks with the risk 
of considerably com- 
plicating the set and 
reducing its present 
flexibility. For these 
reasons it was not 
deemed advisable to 
generate and use fre- 
quencies above 1000 
kilocycles. In some of 
the more remote sta- 
tions in Section 1-R 
the length of trans- 
mission line involved 
makes it necessary to 
limit the frequency to 
500 kilocycles or less. 
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When large circulating currents are 
used, the design of adequate heating 
coils is somewhat complicated. The 
coils become hot due to resistance and 
eddy current losses within themselves, 
with resultant danger to the nearby 
glass envelope and to insulation and 
adjacent parts. The problem has been 
solved satisfactorily by the use of 
water-cooled coils. The coil shown in 
the headpiece consists of a partially 
flattened copper tube wound edgewise 
and supported by slotted micalex in- 


sulators. The flattening of the tube 
allows the required number of turns 
to be wound in the available space 
without danger of arc-over between 
turns and still permits the passage of 
an amount of water sufficient for 
adequate cooling. Rubber hose con- 
nections to the water supply and drain 
provide insulation for the high voltage 
from ground, the local water supply 
being pure enough to prevent high 
current leakage even at the high volt- 
age used under these conditions. 


Fig. 7—The thirty-five-kilowatt oscillator is remote con- 
trolled and provides frequencies of 250, 500, or 1000 ke 
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AviaTIoN Rapio First DEMONSTRATED TWENTY YEARS Aco 


On August 18, 1917, the first successful 
two-way communication between aground 
station and an airplane was established 
at Langley Field, Virginia. Two days 
later—barely three months after the Sig- 
nal Corps had asked F. B. Jewett and 
FE. B. Craft to undertake this radio de- 
velopment—two airplanes in flight main- 
tained communication with each other. 
In the twenty years now passed millions 
of miles have been flown by commercial 
and military planes equipped with West- 
ern Electric radio systems. 

First one-way transmission had been 
made early in July, 1917, with a trans- 
mitter consisting of a Colpitts oscillator 
operating directly into an antenna and 
modulated by the Heising constant- 
current system. The receiver was a 
vacuum-tube detector with one stage of 
amplification. Power was supplied by 
batteries. Members of the Engineering 
Department of Western Electric Com- 


pany, now Bell Telephone Laboratories, 
taking part in these tests were H. W. 
Nicaols, R. A. Heising, L. M. Clement, 
J. P. Minton and C. A. Finley; later 
H. M. Stoller and R. W. Armstrong joined 
the group. Practical apparatus was at 
once begun, and it was successfully dem- 
onstrated between August 14 and 24. A 
wind-driven generator in place of bat- 
teries was tried out, and filters were de- 
veloped to eliminate the commutator 
noise from its output. 

During the next three months airplane 
antennas were analyzed and further com- 
munication tests were made by Mr. 
Heising, E. L. Nelson, A. A. Oswald and 
A. Haddock. By this time the experi- 
ments had conclusively demonstrated the 
practicability of the system and during 
succeeding months orders were placed by 
the War Department with the Western 
Electric Company for both ground and 
airplane apparatus. 


E. B. Craft, Ralph Bown, Nathan Levinson and N. H. Slaughter using early Western 
Electric apparatus to carry on two-way conversation with an airplane 
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Contributors to this Issue 


K. C. Brack received the A.B. degree 
in physics from Harvard in 1924, and in 
the three following years received the 
A.M. and Ph.D. degrees. During the 
summer of 1926 he worked on inductive 
interference studies in Virginia with the 
D. & R. Department of A. T. and T. Co. 
After two years as instructor in physics 
and communication engineering, he 
then became associated with the Boonton 
Research Corporation—working on high- 
frequency measur- 
ing equipment, [ me 
vacuum-tube de- 
sign, and auto- 
matic volume con- 
trol. In 1930 he 
joined these Lab- 
oratories, where he 
has been engaged 
chiefly in the de- 
sign and develop- 
ment of repeaters 
that are used in the 
coaxial system. 

R. D. pe Kay 
was graduated from 
the United States 


R. D. de Kay 
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K. C. Black 


Naval Academy in 1918. He served in the 
war as engineer officer on destroyers, and 
after the war as commanding officer. In 
1922 he left the navy and joined the 
power development group of the Lab- 
oratories, where he supervises rectifier 
and machine development. 

W. M. Beaumont entered the Bell Sys- 
tem as substation installer with the Bell 
Telephone Company of Pennsylvania 
early in 1911. After a short time he trans- 
ferred to the Main- 
tenance Depart- 
ment and remained 
in that department 
until 1919, when he 
joined the engineer- 
ing department of 
the Western Elec- 
tric Company. 
With the Circuit 
Laboratory he has 
participated in the 
development of 
manual central of- 
fices and private 
branch exchanges. 
At present he is en- 
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E. G. Shower 


gaged in the de- 
velopment of both 
manual and dial 
PBx’s. He is a 
graduate of the 
night school of the 
Drexel Institute of 
Philadelphia. 

E. G. SHOWER 
received the B.E. 
degree from Johns 
Hopkins Engineer- 
ing School in 1925 
and immediately 
after joined the 
Technical Staff of the Laboratories. With 
the Research Department he carried on 
studies in acoustics and hearing for the 
next nine years. In 1934 he transferred to 
the Vacuum Tube Development Depart- 
ment, where he has since been engaged in 
the development of water-cooled tubes 
for high-power radio transmission. 

W. F. Matone joined the Engineering 
Department of the Western Electric 
Company in 1917, where with the Sys- 
tems Drafting Department he engaged in 
the preparation of drawings and specifi- 
cations for the new panel dial offices. In 
1923 he transferred to the Equipment 
Development Department and for the 
next eight years prepared manufacturing 
information for models and trial installa- 
tions of new equipments. During this 


R. S. Alford 


W.F. Malone 


time he was re- 
sponsible for super- 
vising the installa- 
tion of the terminal 
equipment for the 
Key West-Havana 
submarine cable 
and the radio con- 
trol equipment at 
24 Walker Street, 
New York. For the 
past six years Mr. 
Malone has _ been 
engaged in develop- 
ing equipment for 
carrier telephone circuits over cable 
pairs, and more recently in the design of 
various types of key equipments such as 
those which are described in this issue 
of the Recorp. 

R. S. Atrorp was graduated from the 
University of Colorado in 1920 with a 
B.S. degree in Electrical Engineering. In 
July of that year he joined the Develop- 
ment and Research Department of the 
American Telephone and Telegraph Com- 
pany where he worked on open-wire cross- 
talk problems. During the last few years 
his work has dealt with a number of 
problems connected with crosstalk and 
noise, including the methods of measure- 
ment of various types of interference, 
and the evaluation of their effects on 
transmission. 
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